El objetivo central de este trabajo fue investigar cómo procesos energéticos asociados a la actividad de los núcleos activos de galaxias están vinculados con aquellos que son debidos a la actividad de formación estelar nuclear y circumnuclear. Datos fotométricos y espectroscópicos fueron usados con el fin de discriminar estos procesos en un conjunto de galaxias starburtst, infrared galaxies y AGNs. Se proponen nuevos diagramas de diagnóstico basados en la emisión de PAH en 7.7 µm, la razón entre la emisión en el infrarrojo medio y lejano L(MIR, FIR) y el parámetro q. Los diagramas de diagnóstico, permiten comparar el comportamiento de los quasares y galaxias Seyfert 1-Seyfert 2 con las galaxias starburst y LIRGs-ULIRGs.
INTRODUCTION
Numerous works (Cid Fernandez et al. 2001; Spoon et al. 2001; Maiolino et al. 2007; Aleksandar et al. 2012) , have made important contributions to quantify the star formation activity in several nuclear and circumnuclear regions of Active Galactic Nuclei (AGNs), and many diagnostic diagrams have been built in order to quantify the contribution of AGN and star formation to the IR luminosity. These diagrams use some bands of continuum and atomic emissions. The IR spectrum has many wavelengths that can be used to study the origin and connection between AGN activity 1 Observatorio Astronómico Nacional, Facultad de Ciencias, Universidad Nacional de Colombia.
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and stellar processes (Clavel et al. 2000; Storchi-Bergmann et al. 2001; Imanishi & Wada 2004; Davies et al. 2007 ). The nuclear dust in AGNs is warmed up by the radiation of the central source, also by the emissions coming from the ionized gas (Sanders & Mirabel 1996; Meléndez et al. 2008) and by the emissions associated with stellar formation, the latter dominant in starburst and infrared Type galaxies. (Brand et al. 2006; . Kennicutt et al. (1998) and Panuzzo et al. (2003) carried out extensive research that resulted in a self-consistent set of rate estimates of star formation along the Hubble sequence. These calibrations scale linearly with luminosity in two ranges of the continuum, ultraviolet and far infrared, as well as emission lines such as Hα, Hβ, Pα, Pβ, Brα, Brγ and low probability of lines [O II] . These standard SFR indicators are often dominated by the AGN itself, particularly for unobscured (i.e., Type 1) sources. To mitigate this problem, Imanishi & Wada (2004) ; Schweitzer et al. (2006) and others use Polycyclic Aromatic Hydrocarbons (PAHs) to trace star formation. The PAHs, radiated through IR fluorescence following vibrational excitation by a single ultraviolet (UV) photon, provide an indirect measurement of UV radiation field strength from stars (Peeters 2002; Aleksandar et al. 2012 ). However, high-energy photons or shocks linked with AGN may destroy or modify their molecular carriers (Yong et al. 2007) . Recently, Maiolino et al. (2007) and Aleksandar et al. (2012) introduced two other rate calibrations for star formation using 7.7µm, and 11,3 µm polycyclic aromatic hydrocarbon (PAH) luminosities, respectively.
In this paper, we describe the estimation of an MIR-FIR indicator, and calculate the q parameter in order to construct two new diagnostic diagrams.
THE SAMPLE AND SOURCES
The galaxy data collected for this work are summarize in Table 2 . As is shown in this table, the sample is heterogeneous and came from different instruments: the IR continuum from the IRAS satellite, the radio continuum from NRAO, and the PAHs bands extracted by us from the Spitzer database. The galaxies have a redshift range between 0.001878 and 0.55. The MidInfrarred and Far-Infrarred observations in 12, 25, 60 and 100 µm, came from a sub sample of the complete list of objects contained in the IRAS Revised Bright Galaxy Sample (RBGS), a flux-limited sample of all extragalactic objects brighter than 5.24 Jy at 60 µm, covering the entire sky surveyed by the Infrared Astronomical Satellite. These data are condensed in IRAS catalogues (Neugebauer et al. 1984; Soifer et al. 1989; Moshir et al. 1990; Huchra & Burg 1992; Rush et al. 1993; Sanders et al. 2003) . The samples are not expected to be biased by the presence of nuclear starburst (Imanishi 2003; Imanishi & Wada 2004) . For the same subsample of IR objects, we selected corrected flux densities of 1.4 GHz, from the complete NRAO VLA Sky Survey (NVSS) (Condon 1991 (Condon , 1998 . The NVSS contains the majority of galaxies in the IRAS Faint Source Catalog. Finally, the PAH measurements were extracted from Spitzer satellite observations. These observations use the data (BCD) of the Spitzer Heritage Archive (SHA) using 5.3-14 µm (SL) and 14-40 µm (LL) low resolution (R ∼100) modules with widths of ∼ 3.7" and 10.5" respectively. The data were extracted using three algorithms in the IDL environment: CUBISM, a method for reconstructing spectral cubes using the BCD default spectral images, IRSCLEAN, which creates a mask of damaged pixels from the BCD data set, and PAHFIT, an algorithm for the decomposition of the MIR spectrum, which focuses on the overall behavior of PAH emissions relative to its underlying continuum.
The sample consists of one subsample composed of typical IR emission galaxies: 14 (9) LIRGs selected from and ; 24 (21) ULIRGs-LINER, 12 (8) ULIRGs-HII, 7 (4) ULIRGs-Sy1 y 7 (5) ULIRGs-Sy2, published by and Imanishi et al. (2007) ; 20 (16) starburst galaxies published by Brand et al. (2006) , and a second subsample of AGNs composed of 41 (27) Seyfert 1 and 53 (47) Seyfert 2 galaxies published by Imanishi (2003) , Imanishi & Wada (2004) , Rodríguez-Ardila & Viegas. (2003) , Rush et al. (1993) , Huchra & Burg (1992) and Clavel et al. (2000) ; 108 (14) PG and 93 (16) 3CR quasars and QSOs taken from the work of Schweitzer et al. (2006) and Yong et al. (2007) . The values in parentheses show the galaxies extracted by us in order to get the PAH features. The information was complemented with data selected from the NASA/IPAC Extragalactic Database-NED, Simbad-VizieR database and 2MASS. Although, not all the sample are statistically complete, the subsamples provide useful information about the behavior and particularities of the different Type of galaxies selected for this work, and major conclusions can be obtained.
THE MIR-FIR INDICATOR
It is well known that the emission continuum in the near, mid and farinfrared spectra, represents different temperature states of molecular clouds and their possible origins (AGN or stellar activity). For this reason, we define the measure L(12,60) in order to find differences between the emissions in the MIR and FIR, following a similar criteria adopted by Murayama et al. (2000) ,
L(12.60) values for quasars and Seyfert 1 galaxies, here grouped together under the label Type 1, are in the range of -0.63 to 1.05. For all Seyfert 2 galaxies, the values are between -0.92 and 0.53, while for the other set of galaxies: starburst, LIRGs and ULIRGs, the values are in the range of -1.63 and 0.5. L(12,60) histogram plot for all galaxies included in the analysis. The Seyfert 1 galaxies and quasars are well differentiated from the Seyfert 2, starburst, LIRG and ULIRG galaxies. The separation between the Type 1 objects and the ULIRG-LIRG-Starburst galaxies, also observed in Seyfert 1 and 2 galaxies (Figure 1 ), is consistent with the fact that emissions in the near and mid-infrared (NIR-MIR) spectra from the dust heated by the AGN, are dominant in Type 1 objects. In order to explore this behavior, we applied the Kolmogorov-Smirnov (KS) test to Type 1 objects and Seyfert 2 galaxies, and the results are shown in Table 1 . The P-values for L(12µm), L(60µm) and L(12µm)/L(60µm) reject the null hypothesis, showing significant differences between the Mid-IR and Far-IR emissions. For the 7.7µm-PAH emissions, the test also rejects the null hypothesis, i.e., there is no isotropy in the PAH emissions. Considering the latter as a tracer of the existence of star formation activity, the KS test provides statistical validation for the observed differences in our sample.
The anisotropies found in the KS test have two possible explanations: the PAH bands are diluted by intense X-ray emissions (Yong et al. 2007 ) (a1), or different stages of stellar activity are present in active galactic nuclei (a2). These two alternatives will be discussed in the following sections.
In order to separate the sample of galaxies by their degree of nuclear activity as well as the contribution associated with star formation, we selected the L(12, 60) ratio and the 7.7µm PAH equivalent width for the construction of a new diagnostic diagram (Figure 2 ). Type 1 objects occupy the top half of the diagram, while the bottom half is mainly occupied by Seyfert 2, starburst galaxies, LIRGs and ULIRGs. This pattern is due to differences in the observed emissions at 12 µm and 60 µm. At higher values of L(12, 60), the dust is heated by the active nucleus and produces a warm black body emission (Pope et al. 2008 ), while at intermediate values of the ratio, the molecular clouds are heated by AGN and stellar activity. At lower values of L(12, 60) the star component heats the dust at temperatures between 30-50 K (Haas et al. 2003) . The lowest L(12, 60) value, associated with the quasar PG1049-005, separates Type 1 from the rest of the sample ( Figure 2 ) and is equal to the separation value between Seyfert 1 and Seyfert 2 galaxies (-0.6), derived by Murayama et al. (2000) .
The dotted vertical lines shown in figure 2 correspond to the regions defined by Spoon et al. (2007) , but in our diagram, classes 1A-2A are occupied by unobscured AGNs, classes 1B-2B by composite (AGN/SB activity) galaxies and class 2C mainly by starburst galaxies. The square box located in the lower right quadrant delimits a particular region denominated by us as Active star formation region, ASFR. In the ASFR are located 78% of LINERs and all starburst and ULIRGs galaxies, however 43% of the Seyfert 2, and 11% of Seyfert 1 samples are also present.
In the ASFR appear the LINERs: NGC1097 (not labeled in Figure 2 ) and NGC 253. NGC 1097 is a galaxy with a relatively young stellar population (∼ 10 6 years), at a distance less than 9 pc from the nucleus (Storchi-Bergmann et al. 2005; Prieto et al. 2005) , that is the source of dust heating (Mason et al. 2007 ); NGC 253 is a galaxy in which a strong starburst and a weak AGN coexist (Müller-Sánchez et al. 2010 ). The particular position of NGC 1097 and NGC 253 within the ULIRGs and starburst galaxies in the diagram, validates star formation as the cause of dust heating, and minimizes the role of the active nucleus. Also in this region appears the Seyfert 1 galaxy, NGC 3227 (just in the upper limit of the ASFR frame); Davies et al. (2007) resolved the nuclear stellar distribution of this galaxy and found that within a few parsecs of the AGN there was an intense starburst, the most recent episode of which began ∼ 40 Myr ago but has now ceased. In the lower half of the ASFR, two interacting systems appear, NGC 2623 and ULIRG-LINER Arp 220. The first is a triple system with intense star formation, superluminal in Fig. 2 . Diagnostic plot of the L(12µm)/L(60µm) luminosity ratio as a function of the 7.7µm PAH equivalent width. The sample has a redshift z between 0.000103, for the starburst IC342, and 0.55 for the radio source 3C330. The violet square box, at the right, defines the ASFR region.
the infrared, and extremely bright in radio (Read A. & Ponman) . The second is the most luminous object in the IRAS catalogue, also classified as " heavily extinguished starburst " by Hatziminaoglou et al. (2008) , and localized in the region 3B of the Spoon et al. (2007) diagram, an area in which absorption is the dominant factor. Figure 2 is an original contribution to this field; it separates the sample in two groups of objects, one consisting of starburst-ULIRGs (ASFR region) and the other of Type 1-Seyfert 2 galaxies. In the ULIRGstarburst group, the stellar component is the factor responsible for warming the dust, which is reflected in the lower values for L(12, 60), and the values of PAH 7.7 µm (ASFR zone). The fact that some Seyfert galaxies with star formation appear in this area, confirms the usefulness of the diagram to validate the existence of star activity in AGNs. Additionally this diagram complements the Spoon et al. (2007) diagram with new data from IRAS observations and our measurements of PAH in 7.7µm. Finally, our spectra extraction, using the PAHFIT tool and adjusting for every object the continuum, solves the overestimation in the 7.7 µm PAH equivalent width shown by Clavel et al. (2000) .
The diagram in

THE FIR-RADIO CORRELATION
The infrared emissions are largely due to the reemission of dust heated by massive stars, while supernova explosions of massive young stars are the source of radio emissions (De Jong et al. 1985) . A quantifier of stellar activity is the slope of the correlation between radio emission and far-infrared emission or parameter q (Helou et al. 1985; Condon 1991) .
where F ν (1.4GHz) is the density flux at 1.4 GHz, and F FIR is the flux in far infrared calculated as,
where F 60µm and F 100µm are the IRAS 60µm and 100µm band flux densities measured in Janskys (Jy).
At low IR luminosities, the average value of q tends to increases from younger to older stellar populations (Condon 1991; Xu et al. 1994 ). Sanders & Mirabel (1996) established, using IRAS observations, a q value equal to 2.35 for objects with intense star formation, and Sabater et al. (2008) used a FIR, F(1.4Ghz) correlation to identify galaxies with excess radio emission as AGN candidates.
In this context, the parameter q is also a discriminator between sources that have strong star formation and those (AGNs) in which the radio luminosity is greater than the value predicted by the radio-FIR correlation (Yun et al. 2001) . Therefore, we conducted a review of the q parameter for our sample. Figure 3 shows the graph of the L(12, 60) indicator in function of the parameter q. Following the distribution of the sample along the vertical axis a frame is drawn, indicating the Active star formation region area. The dotted lines at the origin separate the sample by the dominant emission. On the vertical axis, the sources are discriminated according to emission intensity, between mid-infrared and cold dust (60 µm). On the horizontal axis, the objects are separated into those with strong radio emission (left) and those with dominance in the far-infrared emission (right). The dashed line labeled q s shows the value determined by Sanders & Mirabel (1996) .
In Figure 3 , three QSOs: PG 1351+640, PG 1119+120 and PG2130+099 are in the region with positive parameter q. Farrah et al. (2009) also present these three sources and suggest that they represent the last part of an evolutionary sequence, post-IR, where the contribution of star formation falls to mid-infrared, at the expense of increasing the contribution of the AGN. However, as the diagram also shows, a large sample of galaxies are in the region associated with parameter values q < 0, here called: Radio Region, RR. In radio galaxies, the accretion of massive black holes located in giant ellipticals is less than 10 −3 M ⊙ /year, and this condition restricts star formation activity (Dicken et al. 2011 ). In addition, radio jets ionize the gas, cooling it and reducing the activity of star formation and dust heating (Ramos Almeida 2009 ). This graph is particularly suitable for discriminating highly noisy radio galaxies with low density material from those with intense FIR emissions associated with dense clouds. The sources located in the radio region RR are not directly linked to evolutionary scenarios presented in the literature; whether or not they are a final stage of an evolutionary scenario is an open question. However, the graph confirms that they are active nuclei with low stellar activity.
CONCLUSIONS
The diagnostic diagram, in which L(12, 60) is plotted against the equivalent width of the 7.7µm PAH emission, is an original tool for discriminating galaxies by strength and source of activity (AGN or star formation). The ULIRG-starburst galaxies group in the ASFR region, verifying that the stellar component is the dominant factor responsible for the heating of dust, while, for the remaining galaxies, the AGN component is dominant.
The galaxies sampled in this study overlap with the sampling of previous authors (Storchi-Bergmann et al. 2001; Haas et al. 2003; Koulouridis et al. 2006; Farrah et al. 2009 ), even though each study used different variables. Nevertheless, in all of our studies, including this one, the distribution of galaxies in the parameter space is similar and this demonstrates the discriminatory power of our method. The relative position of NGC 253, a weak AGN, on the right side, NGC 1027, a LINER, in the middle and NGC3227, a Seyfert 1, on the left side of the ASFR region, validates the coexistence of star formation and an active nucleus.
The diagnostic diagram of L(12, 60) vs parameter q, validates the relationship between far-infrared emission and the emission at 1.4 GHz (associated with supernova-type events) that holds for galaxy type starbursts, ULIRGs and LIRGs. The strong 1.4 GHz emission from an active nucleus defines a new region with negative q values (region RR) where 3CR radio sources, some of the quasar (PG) and a ULIRG-SY2 are located. There, the stellar activity for radio galaxies is lower. This diagram, like the previous one, is useful in the identification of objects, according to their level of nuclear activity, in large observational surveys.
The scenarios (a1) and (a2), proposed in section 3, coexist in the diagnostic diagrams. The dominant activity in a galaxy determines the predominance of one or the other scenario and its relative location in one of the evolutionary sequences suggested by Storchi-Bergmann et al. (2001) , Haas et al. (2003) , Farrah et al. (2009 The data in italic text show upper limits.
